M idlevel or advanced practiced professionals (APPs) such as nurse practitioners (NPs) and physician assistants (PAs) are often employed in specialty offices to extend access to care. Coldiron and Ratnarathorn 1 demonstrated that APPs also independently bill for a large number of procedures-nearly 5 million in the 2012 Medicare population, 55% of which were dermatologic. In this study, we examine how the scope and number of dermatologic procedures performed by APPs have continued to evolve from 2012 through 2015 in the Medicare population. Medicare reimburses NPs and PAs at 85% of the physician's rate. 3,4 Under certain circumstances, a nonphysician health care professional can bill for services performed under physician supervision at the full rate of reimbursement, but these services must be billed under the physician. We as-IMPORTANCE Advanced practice professionals (APPs) such as nurse practitioners and physician assistants independently perform a large number and variety of dermatologic procedures, but little is known about how the number and scope of these procedures have changed over time.
sume that most procedures billed under APPs were performed by the APP under no supervising physician because otherwise they could be billed under the physician for higher reimbursement.
Data processing and statistical analysis were performed using MATLAB, version R2017a (MathWorks). Dermatologic procedures of interest-including biopsies, removals, destructions, repairs, local skin flaps, full-thickness grafts, and patch testing-were extracted from the data set and analyzed (the full list of procedures and Current Procedural Terminology codes can be found in eTable 1 in the Supplement). Codes for surgical pathologic specimens including skin were also analyzed but not counted toward the frequency of all-category dermatologic procedures because these codes also include many tissue types other than skin. For each procedure, total frequencies and the frequencies and percentages billed by APPs (NP, PA, or clinical nurse specialist) and dermatologists were calculated for each year. Plots of frequencies vs time were more linear after log transformation, so linear regression was used to model the log-transformed number of procedures billed by APPs and dermatologists over time and to calculate the yearly percentage change. Rates of change in the frequency of procedures performed by APPs and dermatologists were compared using a 2-tailed z test 5 on the difference between regression coefficients (β) using SEs of the regressions:
Total numbers of APPs and dermatologists billing for procedures each year were calculated by counting unique National Provider Identifiers that billed for a procedure on at least 10 beneficiaries. The number of clinicians billing for each procedure was used to calculate the mean number of procedures per clinician type each year.
Results
Procedure numbers by clinician type each year are shown in the Figure and the Table. Full results with subcategories of procedures can be found in eTable 1 of the Supplement. The total frequencies of all examined dermatologic procedures (excluding pathology) billed by APPs increased from 2.69 million of 30.7 million (8.8%) in 2012 to 4.54 million of 33.9 million (13.4%) in 2015. The procedures most commonly billed by APPs in 2015 were destructions of benign neoplasms (3.6 million; mostly premalignant lesions), biopsies (788 834; including shaves), and destructions of malignant neoplasms (48 982). Each year, the number of procedures billed by APPs increased significantly, and at a significantly higher rate than procedures billed by dermatologists, for skin biopsies (18.7% per year; 95% CI, 16.0%-21.4%), shaves (11.3%; 95% CI, 9.3%-13.3%), removals of benign neoplasms (16.5%; 95% CI, 3.8%-30.8%), removals of malignant neoplasms (11.8%; 95% CI, 3.3%-21.1%), destructions of benign neoplasms (19.2%; 95% CI, 17.9%-20.6%), destructions of malignant neoplasms (18.5%; 95% CI, 10.4%-27.3%), intermediate repairs (13.3%; 95% CI, 10.4%-16.3%), complex repairs (19.9%; 95% CI, 11.4%-29.2%), local skin flaps (10.6%; 95% CI, 4.6%-17.0%), patch testing (27.9%; 95% CI, 3.1%-58.7%), and surgical pathologic examinations (18.0%; 95% CI, 1.6%-36.9%). Simple repairs and full-thickness skin grafts were the only procedures examined with no significant increase in APP numbers. The numbers of dermatologist procedures each year were more stable. The largest increase among procedures billed by dermatologists was in complex repairs (7.1% per year; 95% CI, 5.4%-8.9%). All other procedures saw no significant change greater than 3.4% per year. Full statistics with confidence intervals for APPs and dermatologists yearly change are summarized in the Table. The total number of unique APPs billing for any dermatologic procedure 
Key Points
Question What is the scope of dermatologic procedures performed by advanced practice professionals, and how has it changed over time?
Findings In this longitudinal study using Medicare data, for most types of dermatologic procedures, the total number and percentage performed by advanced practice professionals increased significantly each year from 2012 through 2015.
Meaning The number and scope of dermatology procedures billed by advanced practice professionals are increasing over time, which prompts further study of outcomes and optimal training.
Discussion
The total frequency of examined dermatologic procedures billed by APPs increased from 2.69 million in 2012 to 4.54 million in 2015. The numbers of procedures billed by APPs increased each year-and increased at a significantly higher rate than that of dermatologists-for every category of procedure except simple repairs and skin grafts. Simple repairs did not show strong trends for any type of clinician, and we hypothesize that the complexity and time-consuming nature of skin grafts makes them difficult for APPs to perform.
An increase in the number of APPs appears to be the biggest driving force for increased procedures because the mean number of procedures performed by each APP who billed for those procedures is stable for most procedures. This increase in the number of APPs billing for procedures is consistent with a more general trend of an increasing number of APPs being employed in dermatology practices. 6 The trend of an increasing number of procedures performed by APPs, most of which are likely unsupervised, has potential implications for patient safety and outcomes. Advanced practice professionals billed Medicare for nearly 800 000 biopsies in 2015, a 68% increase from 2012. Skin biopsies are more than just procedures; there is a knowledge-based and experience-based component to providing the differential diagnosis: the decision to biopsy; location, depth, and extent of excision; and risk assessment for complications.
7 Nault et al 8 showed that the number of biopsies needed for a positive diagnosis of skin cancer (all types and melanoma) was twice as high for APPs than for dermatologists owing to biopsies of more benign lesions. In addition to cost, unnecessary biopsies may increase scarring, patient anxiety, and risk of complications such as infection, injury to an artery or nerve, and poor wound healing. Destruction of benign lesions (mostly premalignant) was the most common procedure performed by APPs, totaling 3.6 million in 2015, an increase of 70.1% from 2.11 million procedures in 2012. Destruction of malignant lesions was also common, with 49 000 performed by APPs in 2015, a 66.1% increase from 29 500 procedures in 2012. This category included destruction of lesions larger than 2 cm on the trunk or larger than 1 cm on the face (10 837 in 2015; 6663 in 2012), which are considered high risk for recurrence or metastases by National Comprehensive Cancer Network guidelines.
9,10 Destruction of high-risk lesions requires experience and care because the rates of treatment failure are higher compared with excision or Mohs surgery. Adequate clinical experience and training are needed to diagnose lesions and then to determine which lesions are appropriate for destruction. This problem exists even in dermatology residency programs. For example, recurrence rates of basal cell carcinoma after electrodessication and curettage in a resident clinic decreased by 9% after dedicated efforts to improve supervision and training.
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Such supervision and training are much less formal for APPs, who are able to perform procedures without a specific length of supervision or training or certification in those procedures. Complex repairs were the second fastest-growing procedure billed by APPs, increasing 76.5% from 8300 procedures in 2012 to 14 700 procedures in 2015. Local flaps and fullthickness grafts billed by APPs were less frequent, at 2860 flaps and 877 grafts billed in 2015, with the number of flaps increasing each year. The numbers of these advanced procedures-including those on the face-being performed by APPs was unexpected. Many board-certified dermatologists are not credentialed to perform local flaps and full-thickness grafts in their hospital privileges, despite formal training and required case logs being a part of residency. In contrast, NPs and PAs do not receive any formal training in advanced cutaneous surgery, which may place patients at increased risk of injury. Patch testing by APPs saw the largest relative increase, with 32 200 billed in 2015, more than double the amount in 2012 (14 400), with the proportion billed by dermatologists decreasing substantially. This finding was surprising given the cognitive component of this test, requiring knowledge of occupational exposures and manufacturing, skin disease and pattern recognition, determination of relevance, evaluation of new literature, and often multiple concomitant diagnoses. 12 However, APPs may be billing solely for the test application, with a dermatologist interpreting the results on a separate day. The data set does not link patch application to the follow-up visit, so we cannot determine who did the interpreting.
Billing by APPs for gross and microscopic examinations of surgical pathologic specimens increased 72.3% from 13 022 in 2012 to 22 440 in 2015. Unlike most procedures, the number of APPs billing for pathologic examinations remained stable, and the increase is from more procedures billed per APP each year. This increase was surprising because training for surgical pathologic examinations is highly specialized, with many pathologists training in fellowships after residency. Lack of proper training is particularly dangerous because clinicians often rely on pathologic diagnoses to inform their ultimate decision making. Unfortunately, the Current Procedural Terminology codes for pathologic examinations include different types of tissue, so we have no means of knowing whether the increase in billing by APPs for pathologic examinations is in dermatology or other specialties such as gastroenterology, gynecology, and urology.
There is a tradeoff between expertise and availability of care. The mean wait time for a new patient to be seen at a dermatology office-including those with APPs-was more than 1 month, with 22% of patients waiting more than 2 months in 2007.
13 It may be reasonable for a patient to risk a higher chance of an unnecessary biopsy if it means receiving a diagnosis and starting treatment several months sooner, saving anxiety and risk of disease progression. Aside from the study on biopsies by Nault et al, 8 there are few outcomes data on other procedures performed by APPs. To truly weigh the benefits and risks of APPs performing procedures, more research is needed that compares outcomes and safety between specialists, nonspecialists, and APPs. Increasing numbers of APPs may reflect an increasing demand for dermatology services, but recent changes in business practices may also play a role. The number of Medicare Part B enrollees increased by only 1.3% during the 4-year study period, while the number of procedures per Medicare enrollee billed by APPs increased by 67%. This discrepancy in growth raises the question of how many of these extra procedures are actually necessary or appropriate. In recent years, there has been an increasing number of dermatology practices acquired by private equity firms.
14 These firms often employ a higher ratio of APPs to dermatologists to lower costs and maximize profits. Al- though this practice may lower costs for the firms, the increasing rate of procedures performed may increase costs for patients, insurance companies, and the health care system. It will be interesting to observe how the role of APPs in dermatology continues to evolve in the midst of these changes. With ongoing increases in the numbers of APPs performing even more complex dermatologic procedures, there is need for uniformity in training and credentialing requirements. The core competencies defined for NPs do not mention a dermatology curriculum or surgical training. 15 The scope of practice for APPs is defined by state laws, which are generally very broad and nonrestrictive. For example, laws in New York and Ohio allow NPs and PAs to perform any services within the scope of the supervising physician's practice. [16] [17] [18] Given the large and growing amount of procedures being performed by APPs, it would be beneficial if training and qualification guidelines for APPs, such as a minimum number of supervised procedures documented and the education and testing of APPs on the skin diseases necessitating procedures, were better defined.
Limitations
The limitations of this study include its being restricted to the Medicare population, most of whom are older than 65 years. With an aging population and members of the baby boomer generation qualifying for Medicare in recent years, it is possible that the increase in the numbers of procedures billed by APPs reflects the growth of the elderly population and is less pronounced in the younger population. However, the increase in the numbers of procedures billed by dermatologists in the same population is markedly slower, so there is likely a component specific to APPs.
Procedures used for skin cancers may also be overrepresented, given their increased prevalence in the elderly population. However, the total number for every procedure is undoubtedly higher for the entire US population than those presented. Another limitation is the assumption that the person under whom the procedure is billed is the one who performed it. It is possible that some procedures billed under an APP were directly supervised by a physician and, conversely, that some procedures billed to dermatologists may have been performed by an APP. However, the reimbursement by Medicare is lower for procedures performed by APPs than it is for procedures performed by dermatologists, so we expect that supervised procedures would most often be billed under the physician. It is likely that the number of procedures performed by APPs is underestimated because APPs can also bill under a physician's name for higher reimbursement under "incident to" services.
Conclusions
The number and scope of dermatologic procedures billed independently by APPs-including advanced procedures such as destruction of malignant lesions, complex repairs, and skin flaps-continue to increase over time and at a much higher rate than procedures billed by dermatologists. The number of dermatologic procedures billed by APPs per Medicare enrollee is increasing at 19% per year. Further studies are needed to determine what association these procedures have with patient outcomes and the potential need for more uniform oversight, training, and credentialing requirements for APPs. 
